Melting of DNA, Denaturation of DNA, Stability of DNA, Viscosity of DNA Solution
Introduction
The intrinsic viscosity and the sedimentation constant of the native and the completely denatured DNA, as affected by the counterion concentration, have been investigated by several workers 1_6. The appearance of the DNA molecules in these two states under the electron microscope has been correlated with these physical parameters 3' 7> 8. However, very little work has been done on the effect of counter ion concentration on the hydrodynamic properties of DNA during the different stages of its transition from the completely native to the fully denatured state9-11. The present report concerns a compara tive study of the viscometric and the spectrophoto metric measurements on the melting of native DNA at different ionic strengths under identical condi tions.
Materials and Methods
Salmon sperm DNA (Sigma Chemicals, USA) was used in this study. DNA solutions were made in BPES 12 buffer at different molarities from the same stock. The concentrations of the DNA solutions were deduced from their absorbances at 258 nm. The value of the molar extinction coefficient was taken as 6600 cm-1 M -1 at this wavelength. Spectrophoto metric measurements were done with a PMQ II spectrophotometer (Carl Zeiss, West Germany) at room temperature. The method of viscosity measure ments of the DNA solutions denatured to varying extent have been described in a previous communi cation 12. The heating and the subsequent rapid chilling of the samples at the two low ionic strengths (0.005 M , 0.002 m ) were carried out simultaneous ly. It was observed that the pH was maintained at high temperatures even at the lowest buffer concen tration. 13. files of the native DNA, obtained by viscometric and spectrophotometric measurements under iden tical molarities of the solvent in the range of 0.002 M to 0.3 M Na+ . In the first case there was a gradual decrease in the ratio of specific viscosities at temperature T to that at 35 "C, (^sii)T/(^sp) 35 , and in the second case a gradual increase in hyperchromicity when the temperature was raised above a certain limit. In both the cases, within the molarity range of 0.02 M to 0.3 M , the curves became sharper as the ionic strength was increased, showing a greater cooperativity. There was little difference between the curves at 0.2 M and 0.3 M , indicating a levelling off effect in the neighbourhood of this molarity.
Results and Discussion
The viscometric and the spectrophotometric re sults for molarities between 0.02 M to 0.3 M will be described first. The melting temperatures deduced from these curves are shown in Table I . It will be seen that the melting temperatures obtained by the two independent methods were almost identical. Thus the lowering of viscosity due to the overall decrease in the hydrodynamic volume of the macro molecule, corresponds with the increase in hyperchromicity due to the destruction of regular base stacking. This result, therefore, shows that at high ionic strengths the viscosity measurement can be used to determine the melting temperatures just as the conventional method of the measurement of hyperchromicity. However, there were very marked differences be tween the viscometric and the spectrophotometric melting profiles at the molarities of 0.002 M and 0.005 M Na+ . The spectrophotometric profiles had a single ascending region from which the melting temperatures of 52 °C (at 0.002 M Na+ ) and 59.5 °C (at 0.005 M Na+ ) could be deduced. The temperatures for complete strand separation were 65 and 70 °C respectively. The viscometric profiles in these two solvents showed two descending regions separated by a plateau. At the lowest ionic strength the viscosity ratio initially decreased at a faster rate than that of the latter but the plateaus in the two curves ap peared at temperatures of 50 C and 63 °C, the mid points of these plateaus being approximately at 64 °C and 73 °C respectively. The viscosity ratios in the two plateaus, within the limit of the experi mental error, were almost identical. If the inter mediate plateaus in these profiles are regarded as the end of the helix-coil transition, one can deduce the melting temperatures at the two ionic strengths which are much lower than those deduced from the spectrophotometric melting curves. Comparing with the spectrophotometric data given above, it appears that the temperatures at the begining and at the middle of the viscometric plateaus can be used ap proximately as the substitute for the melting tempe rature and the temperature for complete strand se paration.
In the high ionic strength solvents, the ap pearance of the single-stranded loops in the native structure, with rising temperature, make the double helix more compact14_18. This causes the gradual reduction in the specific viscosity in the molarity range of 0.02 M to 0.3 M which was very marked on the completion of the helix-coil transition. How ever, at 0.002 M and 0.005 M , the separated single strands retain considerable high viscosity2. Thus, at low ionic strengths, one is faced with the oppo site tendency of the increase in viscosity due to the extended single-stranded zones in the native struc ture. This not only reduces the gradual fall in visco sity but also diminishes the total reduction in speci fic viscosity even on complete strand separation com pared to that observed in a higher ionic strength solvents. This might also explain why the plateau in 0.002 M solvent appears earlier than in 0.005 M solvent and is very close to the latter.
At the end of the plateaus, a gradual fall in visco sity occurred which continued parallel at the two ionic strengths up to about 100 °C. It was also observed that in the case of the first transition, the original viscosity value was partially restored on annealing the heated samples at room temperature, while the second transition was completely irrever sible in nature. This possibly represents the degra dation of separated strands due to the prolonged heating at low ionic strengths.
The appearance of the intermediate plateau is thus a specific feature of viscometric measurements on DNA melting only at low ionic strength. At higher ionic strengths this effect is absent. It has been observed that this effect is not caused by any change of pH with temperature at low buffer con centration. The increased cooperativity of the spectrophotometric melting curves with the increase of ionic strength has been interpreted by many wor kers in terms of different heterogeneity parame ters 19~21. The apparent decreased cooperativity of viscometric profiles with the lowering of ionic strength includes, besides these factors, the dispro portionate decrease of specific viscosity due to the increased extension of the single-stranded regions.
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